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1.0  Introduction 


The  Electronics  and  Power  Sources  Directorate  (EPSD)  of  the  Army  Research  Laboratory 
has  in>house  capability  of  proto^ing  miniaturized  systems  based  on  Multi-Chip  Modules 
(MCMs)  using  a  low  terrq)eiatute  co-fired  ceramic  (LTCQ  process.  A  machine  used  in  the 
process  of  making  LTCC  MCMs  is  the  CNC  Punch  Machine  (an  automated  hole  punching 
machine).  The  CNC  Punch  is  used  to  punch  holes  for  the  vias  (a  feed-thru  which  connects 
signal  traces  on  different  layers)  in  the  MCM.  Frevionsly,  die  CNC  Punch  Machine  had 
to  be  programmed  manually.  The  X  and  Y  coordinates  for  each  via  hole  to  be  punched  had 
to  be  entered  by  hand  from  die  keyboard.  This  proved  to  be  rather  tedious  for  large  MCM 
designs  with  several  vias  and  multiple  hole  sins. 

In  this  ledinical  rqxict,  a  vdiide  which  automates  the  generation  of  X  and  Y  coordinates 
for  holea  punched  by  dte  CNC  Pundi  Machine  is  presented.  Sudin  vdiide  is  a  translator 
from  Gerber  Word  Format  to  CNC  Punch  Machine  Rk  format  (devdoped  at  the 
Electronics  and  Power  Sources  DhectonleoftheAzn^Reaeardi  Laboratory).  TheOerber 
to  CNC  Pundi  'Danslator  reads  a  gerber  file  (a  standard  format  for  PCB  aitwoifc 
photoplotting)  and  fencrales  files  of  X  and  Y  coordinates  which  are  uaed  to  program  the 
CNC  Pnndi  Machine.  The  semantics  ttf  die  Geriier  Format  and  the  CNC  Punch  Machine 
Hie  format  will  be  disenssed.  Second,  the  steps  involved  in  translating  a  gerber  file  to  a 
CNC  Punch  Machine  file  wUl  be  discussed.  Hnally  an  exam|de  of  an  MCM  design  is 
prosemed  from  beginning  to  end. 
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2.0  Gerber  Format 

Oerber  Format  is  a  versatile  output  file  used  by  most  Computer-aided  Design  (CAD) 
systems  which  generate  photoplots  for  printed  circuit  board  artwork.  The  Gerber  ^rmat 
is  used  for  automated  drilling,  routing,  tool  selection  and  insertion  machines.  This  rqxnt 
will  only  address  the  area  of  Gerber  Format  used  by  Intergrqrh  (an  in-house  tool  at  EPSD 
for  creating  MCM  artwork)  to  generate  via  coordinates  on  an  MCM,  mentioning  die  full 
cqiability  of  Gerber  Format  only  for  conqiletaiess. 

2.1  Preparatory  Function  Codes 

PrqMuratory  function  words  consist  of  die  address  character  G  followed  by  two  digits.  O 
codes  defirie  how  an  entire  Mock  of  data  is  to  be  psooessed.  Two  of  the  G  codes  whidi  have 
significant  meaning  to  Intergnph  udien  creating  an  MCM  are  G04  and  054.  G04isiiaed 
to  designate  a  comment  field  in  the  gerber  file.  054  is  a  tool  selection  code  and  is  used  in 
conjunction  with  D  codes. 

Z2  Dryfl  Codes 

Draft  codes  consist  of  the  address  chancier  D,  followed  by  two  digits  to  select  and  control 
tools.  When  used  widi  a  154  code,  an  qwrtme  tool  between  DIO  and  D2S5  is  selected.  D 
codes  between  DOl  and  DOS  are  tool  control  codes  for  tool  op,  tool  down  and  flash.  When 
generating  via  cocnlinaies  for  an  MCM,  Intergnph  only  uses  the  DOS  code.  The  CMC 
Punch  recognizes  the  DOS  code  as  a  punch  hole  command. 

2J  Miscellaneous  Codes 

Miscellaneous  codes  consist  of  the  addreu  character  M,  fUlowed  by  two  digits  to  control 
qrstemarile  factor  and  perform  inisoellaneousfiincdons.  l^pically.  only  the  M02  code  is 
used  by  Intergraph  to  signify  end  of  file. 

2.4  X-Y  Axis  Coordinate 

X-Y  cooidiiuue  commands  define  the  point  to  which  the  [dotting  tool  mnst  be  moved. 
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2^  Gerber  Format  Word  Example 

Shown  below  is  a  gerber  fUe  for  a  design  with  four  holes,  spaced  0.30  inch  qwrt  forming 
a  square.  Following  Gerber  Format,  the  gerber  file  begins  on  line  one  with  a  tool  select 
command,  054.  selecting  q>erture  tool  D19.  Lines  thru  five  are  flash  commands  at  the 
given  X  and  Y  coordinates.  It  is  iiiq>ortant  to  notice  that  there  is  no  X  coordinate  on  lines 
three  and  five.  The  X  coordinate  did  not  change  with  the  new  Y  coordinate;  dietefore,  the 
X  coordinate  was  not  repeated  in  the  fbllowinggertrer  words  on  lines  three  and  five.  Gerber 
words  are  ended,  or  separated,  widi  an  asterisk  (*).  The  M02  command  on  line  six 
designates  end  of  file. 

GS4D19* 

X1000Y1000D03* 

Y4000D03* 

X4000Y1000D03* 

Y4000D03* 

M02« 
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3.0  CNC  Punch  Machine  Format 

The  CNC  Punch  is  an  automated  machine  for  punching  holes  in  a  piece  of  material.  Up  to 
four  different  sized  punch  tools  can  be  loaded  at  a  tinne,  requiring  four  sets  of  X  and  Y 
coordinates,  before  having  to  retool  the  machine  with  new  sized  punches.  Hole  punching 
is  done  in  blocks,  the  punch  machine  coiiq)letBS  punching  all  of  the  coordinates  of  a  block 
before  selecting  the  next  punch  tool.  A  block  of  X  and  Y  coordinates  can  be  either 
manually  entered  in  at  the  Imyboard  or  loaded  from  ASCII  files  which  are  groiq[wd  by  hole 
size.  Based  from  a  programmable  origin,  the  CNC  punch  machine  punches  holes  at 
coordinates  given  in  absolute  mode  and  in  inches.  There  are  three  options  for  entering  a 
pattern  definition:  as  an  X-Y  coordinate,  as  a  liiie,  and  as  an  area.  This  rq>ort  will  only 
address  five  X-Y  coordinate  definition,  since  diis  is  die  mode  used  at  EPSD. 


3.1  X-Y  Coordinate  Pattern 

The  X-Y  coordioaiB  method  is  the  simplest  way  to  program  a  pattern  for  the  CNC  Punch 
i«tachine.  A  blodt  of  X  and  Y  coordinates  is  creat^  in  the  format  shown  below.  The 
pattern  is  limbed  to  3800  hcdes  for  eadi  block.  RnaOy,  them  most  be  a  separate  block  of 
X  and  Y  coordinates  for  each  siae  hok  to  be  pandwd. 

X  Y 

>10.0000 -0.0000  KfinimiimvahieslniadwB 
40.9999-9.9999  Maximiim  values  in  inches 

The  first  character  in  each  colnnn  most  be  either  4>  or  -  sign. 


The  second  character  can  be  any  number  between  0  and  9. 

The  third  character  is  atwqrs  a  dechnnl  point 

The  four  digilB  to  the  light  of  the  decimal  paim  can  be  any 
number  to  0000  to  9999.  Ihe  software  raquiief  that  all  fim 
digits  be  entered,  even  if  they  are  all  raro*s. 

The  ooordinale  la  alwaya  followed  by  a  qiaoe,  then  the 

nr  coordinate  is  presented  In  the  same  manner  as  the 
nrooordinatB. 
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4,0  IVanslating  Gerber  Format  to  CNC  Punch  Format 

A  rule-based  language,  Prolog,  is  used  to  completely  >imte  the  Oerber  to  CNC  Punch 
Translator.  Based  on  the  first  character  of  each  control  word  in  die  gerber  file,  a  series  of 
Prolog  rules  are  executed  to  mq)  the  control  word  into  a  Prolog  intermediate  form.  Upon 
completion  of  reading  the  gerber  file,  die  intermediate  file  is  then  parsed.  As  such,  Prolog 
mapping  rules  are  constructed  to  transform  the  intermediate  form  into  a  series  of  files  in 
CNC  Punch  format  Hie  files  created  are  files  of  X  and  Y  coordinates  rqiresenting  blocks 
of  via  holes  to  be  punched. 

4.1  The  Gerber  to  CNC  Punch  IWmslator  Program 

A  runtime  entry  point  is  provided.  This  is  done  so  that  a  stand-alone  program  can  be 
created.  The  definition  of  a  stand-alone  program  is  a  Prolog  program  duit  can  be  executed 
independent  of  the  Prolog  Development  System.  In  essence,  a  tun  time  system  is  created 
which  can  be  distributed  to  a  system  that  does  not  host  die  Prolog  Development  System. 

runtimejentryCstart)  :•  at 


The  Oerber  to  CNC  Punch  Machine  Translator  program  starts  with  die  rule  at/O.  Theuser 
is  prompted  to  enter  in  the  luune  of  the  gerber  file.  Note  that  single  quotations  must  be  put 
around  die  entered  file  name.  When  Prolog  reads  an  entry  from  die  keyboard,  it  treats  die 
text  input  as  a  Prolog  atom.  File  names  with  an  extension  (.ext)  can  potentially  cause 
problems  for  Prolog  because  of  the  significance  of  the  period,  fri  Prolog  the  period  is  used 
to  designate  the  end  of  a  rule,  or  series  of  rules,  or  the  end  of  input  By  placing  single  quotes 
around  the  filename,  it  will  foroe  ftolog  to  recognize  file  names,  widi  “.ext”,  as  an  atom, 
thus  enabling  ftolog  to  open  the  gerber  fife  for  reading.  This  section  also  opens  a  Prolog 
intermediate  file  ^ch  aids  in  the  translation  of  Oerber  to  CNC  Punch  format 

St:- 

write(^[  Enter  the  gerber  file  with  extension  to  be  translated  ]*)• 
nl, 

write(H  surrounded  by  single  quotations  fbllowcd  by  a  ]*)> 

nl, 

write(*(  example  **filc.ezt**.  ]*)» 

nl, 

readfFilcname), 

seefFilcnanie), 

tell(gerberint), 

transjgerber(0). 


These  following  two  Prolog  rules  signal  die  translator  to  eidier  ctmtinoe  im  or  to  close  die 
gerber  iiqmt  file  and  to  jump  down  to  die  next  jdiase  of  die  translator,  continuing  on,  the 
translator  reads  the  gerber  file  character  by  chiaacter  and  uses  die  rule  interputjdhur/1  to 
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extract  the  gertier  control  words.  If  continuing  to  the  next  phase,  the  intermediate  file  is 
closed  for  ou^ut,  the  gerber  file  is  closed  for  reading,  and  the  translator  jumps  to  start2. 


transjgerberM)  :• 
seen, 

told,  start!. 

transjgerber(J 

gct(X), 

interput^charGK). 

The  leading  character  of  a  gerber  word  is  interpreted  by  Interput  char/l.  If  tiie  leading 
character  is  an or  or ‘‘M*’ the  line  is  translated  to  an  X-Y  coordinate.  If 

the  leading  character  is  a  “Q**,  then  an  interpretation  of  comment  or  tool  selection  is 
executed.  All  other  codes  are  not  recognized  the  punch  machine  and  are  skipped 
over,  allowing  the  translation  to  continue.  An  **^1"  code  signifies  end  of  file  and  a  ‘*-1” 
Prolog's  way  of  knowing  ''past‘<nd*of*file'’.  When  ftolog  reads  in  a  character  it 
represented  in  decimal  ASCII  form.  The  numbers  in  each  rule  represent  tfte  ASCII  code 
for  each  leading  character  of  a  gerber  wmd,  as  oedered  above. 

interput  char(88) 

Write(‘x(‘), 

getjralues. 

interput  char(89) 

Write(‘y(*), 

getjnducs. 

interput  ch8r((8)  :• 

Write(‘d(‘), 

g^_v8lues. 

interput_char(71)  :• 

^te(‘g(‘)» 

get(X), 

process(X), 

8et(Xl), 

proce8s(Xl), 

«et(X2), 

determine  jt;^code(X2). 

interput  chaifn) 
write(«mC), 
get_valucs, !. 

interput_cluir(-l)  :• 

tnuisjEerberC'l). 
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The  Prolog  rule  determine  g  code/1  is  called  by  interput^char/l  to  continue  extracting 
the  *‘0"  code  from  die  gerber  frle.  Based  on  the  rules  Mow,  the  current  character  in  the 
gerber  word  is  determined  to  be  either  a  **0"  or  an  asterisk  (*).  If  the  current  chanvcter  is  a 
*'D*\  *1)"  code  being  representative  of  an  i^ietture  tool  selecdon,  a  comma  is  written  to  the 
intermediate  file.  The  translator  then  moves  on  to  extract  the  qiertuie  tool  from  the  gerber 
file.  If  the  current  cliaiacter  is  an  asterisk,  representing  end  of  gerber  word,  die  translator 
endf  mapping  the  gerber  word  in  the  intermediate  form  and  moves  on  to  extract  the  next 
gerber  word  from  the  gerber  file. 

determine jg^codeCdS) 
wrlle(V)» 
getjmluea, !. 

determine  g  eode(42) 
write(*).*)» 
nl, 

tmnsjgerber(0), !. 

If  die  *X3"  code  was  determined  to  be  a  ctMnment  (G04),  then  the  characters  in  die  comment 
field  are  read  until  die  end  of  gerber  word  character  (*)  is  detected.  All  characters  in  a 
comment  field  are  disregarded,  for  comments  are  not  translated.  The  following  rule 
enables  the  translator  to  continue  <hi  vdien  comment  fields  exist  in  a  gerber  file. 

determine  g  codcf  X)  :• 
geKX), 

determine  e  codeIXl. 


After  a  determination  of  die  leading  character  of  a  new  gerber  word  (e.g.,  X,YJ),Q  Jd)is 
done,  the  remaiiung  characters  of  the  gerber  word  are  read  in  and  translated  to  the 
intermediate  file  in  Prolog  format  A  Prolog  structure  is  created  for  each  gerber  word. 


gd^valucs 

get(X), 

process(X), 

getjralues. 


The  following  Prolog  rules,  process/l,  recognize  the  ASC3I  code  in  decunal  for  the 
numbers  0  thru  9  and  the  letters  "X”,  Ht’,  **D”  and  ***”.  When  Prolog  perfarms  a  get/l 
character,  get(X),  the  character  is  represented  in  its  ASCII  decimal  form. 

proccss(88)  :<• 
write(*x(‘). 

proGC8s(89)  :• 
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write(S*). 


procc8s(45)  :• 

write(‘-»). 

proG«ts(48) 

writeiH)*). 

process(49) 

prooea(50)  ;• 
write(‘2*). 

prooMs(51) 

write(‘3*). 

prooe88(S2) 

proocs8(53)  :• 
write(‘5*). 

prooera(54)  :• 

write(*6*). 

proocs8(S5)  :• 
writeC*?*). 

proccs8($6) 

write(<8’). 

proccss(57)  ;• 
write(‘9*). 

ASCn  code  in  dedmil  for  a  **0”. 

prooas(68)  :• 

write(‘,*). 

ASCn  Code  in  dedmal  for 

prooe8s(42)  :• 
write(0**)» 
nl, 

trMis_fert}er(0). 


Phase  two  of  the  translator  begins  with  start2/0.  The  intermediate  file,  gerberint,  is  read  to 
convert  the  X- Y  coordinates  to  a  format  that  the  punch  machine  can  recognize.  In  a  gerber 
file,  if  the  X-coordinate  or  the  Y-coordinate  does  not  change  in  the  next  gerber  word,  thoi 
that  coordinate  is  not  repeated  in  the  gerber  file.  Therefore,  this  translator  must  keep  track 
of  the  previous  X-Y  coordinate  so  that  it  can  write  it  to  the  punch  machine  file.  The 
interm^ate  file  is  opened  and  phase  two  begins.  Two  variables  are  used,  Xo  and  Xn,  for 
the  previous  X-Y  coordinate  and  the  current  X-Y  coordinate  just  read  from  the  intermediate 
file. 

start2:- 

see(gerberint)) 

XlocisO, 

YlocisO, 

Xo  =  x(?Uoc,Yloc), 
traiisjgerint(Xo). 

The  X-Y  coordinates  are  read  from  the  intermediate  file  and  passed  to  a  series  of  rules  along 
with  the  previous  coordinate. 

transjgerint(Xo)  :• 
read(Xn), 

writejcoord(Xn^o). 

The  following  Prolog  rule  write_ooord/2  signifies  “end-of-file**.  The  translation  program 
closes  all  files  and  halts. 

write_coord(m(Q2),_Xo) 

told) 

halt 

The  following  rules  of  write_poord/Z  extract  die  X-Y  co<ndinates  from  die  intermediatB 
form.  The;e  are  several  variations  of  gerber  words  in  the  intermediate  form.  When  an  X 
or  Y  coordinate  is  not  repeated  in  the  intermediate  file,  the  previous  coordinate  is  used  from 
the  Xo  coordiiute.  The  new  coordinates  are  divided  by  10,000.  This  is  to  format  the 
coordinates  in  inches  and  in  floating  point  format  as  required  by  the  CNC  Punch  Machine. 

write  CGord(x(XloC)YloC)03),  Xo)  :• 

~XloclisXloc^l0000)  " 
write_xy_loc(Xlocl)) 
writeC  *)> 

YloclisYloc/10000) 

write^xyJocCYIocl), 

nl, 

traiisjgerint(x(Xlocl)Ylocl)), 

!. 

write_f<M>rd(y(YloC)03))X(XlocO)_Yloco)) 
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write  xy  ioc(Xiooo), 

write?  ‘)7 

YloclisYloc/10000, 

write_,xyJoc(Ylocl), 

nl, 

tnuisjBerint(x(Xlooo,Ylocl)), 

!. 

write  coord(x(Xloc,03)^(_Xloco,Yloco))  :• 

~XloclisXloc/10000, 
write_xy_loc(Xlocl), 
write?  ‘)7 

write_xy_loc(YIoco), 

nl, 

transjBerint(x(Xlocl,Yloco)), 

!. 

write_coord(d(03)4(Xlooo,Ylooo))  :• 
write  xy  loc^ooo), 
write?  *)7 

writejKy_loc(Ylooo), 

nl, 

transj;erint(x(Xlooo,Ylooo)), 

f 

«• 

A  gert)er  file  is  used  for  much  more  dun  punching  or  drilling  holes,  it  is  a  complete 
photoplotting  format  For  hole  punching,  only  the  **D03*’  code  is  used  or  needed.  The 
following  rules  allow  the  translatar  to  continue  on  when  otiier  codes  exist  in  die  gexber 
file.  The  tranriator  keqts  track  of  the  coordinates  ythm  anodier  code  is  used  and 
continueson.  HiisenablesthetranslatortobemQrevetsatileforholepunching.Anygerber 
file  can  be  read  for  translation  and  only  the  IXIS”  codes  will  be  translated  to  ^  CNC 
Punch  files. 

write  ooord(x(Xloc,Yloc,  Tool),  Xo)  :• 

"XloclisXloc/lOOdo, 

YloclisYloc/10000, 

tran8jgerint(x(Xlocl,Ylocl)), 

!. 

write  ooordCyCYloc,  Tool),x(Xlooo,  Ylooo))  :• 

"YloclisYloJlOOOO, 

traiujgerint(x(Xlooo,Ylocl)), 

!. 

write  ooord(x(Xloc,  Tool)4(_Xloco,Yloco))  :• 

~XloclisXlot^0000, 

tran8jgerint(x(Xlocl,Ylooo)), 
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write_coord(d(jrool)^o)  :• 
trans^erint(Xo), 

f 

•• 

write  coord(x(Xloc^Yloc))  Xo)  :• 

~XloclisXloc/1000^ 

YloclisYloc/10000, 

traiisjgerint(x(Xlocl,Ylocl))) 

!. 

write  ooord(x(Xloc)»x(_Xlooo,Ylooo))  :• 

"XloclisXloc/lOOOO, 

transjBerint(x(Xlocl>Ylooo)), 

!. 

write  ooord(y(Yloc)»x(Xloo(0^looo))  :• 

'YloclisYloc/10000, 

tnui8jBerint(x(XloooyYlocl)), 

t 

•e 

A  select  tool  command  034  is  detected  here.  ThetiaiislatarclosestlieprevioiisfileofX- 
Ycooidiiiates  and  opens  a  new  file  for  die  next  Mode  of  coofdinates.  Tlieiiaer  is  prompted 
for  file  names  and  how  the  filename  should  be  tmtered.  Sin^e  quotes  around  die  file  name 
are  necessary  because  of  die  significance  of  die  period  to  Prolog.  Prolog  uses  the  period  to 
end  a  role  or  series  of  rules.  A  filename  with  an  "rntf*  violates  Prolog’s  use  of  die  period. 
Potting  single  quotes  around  die  filename  turns  the  fikname  into  an  atom  which  Prolog  can 
use. 

write_ooord(g(54,Tool)»Xo)  :• 
toldf  tdKuser), 

writc(*[  Enter  the  file  name  for  Uw  tool  d*X 

writeh'ool), 

write(S  <*flle.ext”.  ]*), 

nl, 

aee(user)y 

read(FiIenaine), 

tdl(F1lenanie)» 

aee^rberint), 

tnui8_gerintOKo), 

!. 

When  a ‘X3’’ code  other  than  034  is  encountered,  die  translator  sk^  over  the  t}”  code  in 
die  intennediate  file  and  ctmtinoes  cm.  A  034  code  is  the  only  code  diat  has 
significance  to  die  CNC  Punch  Machine. 


write_coord(s(JpCo) 

trans_gerint(Xo), 


The  X’Y  locations  are  written  in  the  correct  format  for  the  CNC  Punch  Machine.  If  the 
coordinate  h  greater  than  zero,  a  sign  is  written  to  the  file  followed  by  the  coordinate. 
The  coordinate  must  be  written  with  four  numbers  after  the  decimal  point,  regardless  of  die 
numbers  behg  zero  ox  not.  If  the  number  is  less  than  zero,  then  the  coordinate  is  just 
written  in  the  correct  format  Since  the  number  is  abeady  negative  there  is  no  need  to  insert 
a  sign. 

write  xy_loc(X  Yloc) 

”X  Yloc>sO, 
write(*+’), 

fomiat(*^r,X  Yloc), 

!. 

writejtyJoc(X_Yloc) 

fonnat(*^r,  X_Yloc). 
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5.0  Exampleof  an  MCM  Design 

Presented  here  is  an  example  of  the  Gerber  Format  to  CNC  Punch  Translator  being  used  to 
aid  in  the  making  of  an  MCM.  Shown  in  Figure  1 A  is  an  MCM  design  with  four  vias, 
^aced  0.30  inch  apart  from  each  other  in  a  square  fashion.  The  origin  of  this  particular 
MCM  is  in  the  lower  left  comer,  with  the  X-Y  coordinate  (0,0).  Shown  in  Figure  IB  is  the 
gerber  file  which  was  generated,  by  Intergraph,  to  photoplot  the  MCM  artwork.  Typically 
here  at  EPSD,  the  Intergraph  CAD  system  is  used  as  the  first  step  in  making  an  MCM.  The 
signal  traces  and  vias  are  drawn  in  Intergraph  and  a  gerber  file  is  generated  for 
photoplotdng  the  artwork. 

5.1  Translating  to  the  Intermediate  Form 

Translation  from  Gerber  Format  to  a  CNC  Punch  Machine  file  is  begun  by  executing  the 
translator  with  the  command  "‘gerber.trans’*.  Upon  ncecution,  die  user  is  prompted  for  the 
name  of  the  gerber  file  and  as  to  how  the  filename  should  be  entered.  Upon  entering  the 
filename,  the  translator  begins  mapping  the  gerber  file  into  a  Prolog  intennediate  form. 
Each  gerber  word  in  the  gerber  file  is  rqiresented  in  die  intennediate  form  as  a  Prolog 
structure  which  is  used  by  pha.se  two  of  die  translator.  Shown  in  Figure  1C  is  the 
intearmediate  file  for  the  MCM  design. 
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Rgme  1  A.  MCM  Dnwing 
(mnmskms  are  in  inches) 


Q54D19* 

X1000Y1000D03* 

Y400QDQ3: 

X4000Y1000D03* 

Y4000D03* 

M02* 


RgorelB.  OeiberlUe 


s(54 19) 

x(10b04000,03). 

y(4000^). 

x(4000.1000.03). 

y(4000^). 

in(02). 


Hgore  1C  Intennediate  Rle 


Hgnrel.  Bxanq)le  of  an  MCM  Design 
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5J  Creating  the  CNC  Punch  File 


When  the  gerber  file  is  completely  read,  the  u«er  is  prompted  for  an  ottiput  filename  for  the 
X-Y  coordinates.  The  translator  then  begins  reading  the  intermediate  file  and  writes  an  X- 
Y  coordinate  file  in  CNC  Punch  Machine  format  An  X  and  Y  coordinate  must  e^ist  for 
each  hole  to  be  punched.  Nodoe  in  the  idwve  intemnediate  file,  an  X  coonlinate  does  not 
exist  on  line  two.  Only  a  Y  coordinate  exists  because  the  X  coordinate  did  not  change  for 
thenexthole.  Therefore  the  translator  must  keq>  track  of  the  previous  X-Y  coordinate  on 
line  one  so  that  an  X  coordinate  can  be  written  to  the  CNC  Pundi  Madiine  file  for  the  hole 
onlinetwo.  The  same  is  iqKated  for  line  four  udiere  again  diere  is  no  X  coordinate  in  the 
intermediate  file.  Finally,  the  coordinate  is  divided  by  10,000  and  written  to  the  X-Y 
coordinate  CNC  Pundi  file.  As  die  coordinate  is  written,  it  is  formatted  to  a  signed  floating 
point  number  widi  four  places  after  die  decunaL  Shown  in  Rgnre  2  is  die  X-Y  file  for  the 
CNC  Punch  Machine  after  translation. 


40.1000  40.1000 

40.100040.4000 

40.400040.1000 

40.400040.4000 


Hgnre2.  X-Y  Coordinate  File  for  CNC  Punch  Machine 
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6.0  Condusion 

In  designing  die  Gerber  to  CNC  Punch  IVuislator.  the  process  of  programming  die  CNC 
Punch  Machine  is  now  fiilly  automated.  Previoudy,  a  user  had  to  program  the  X  and  Y 
coordinates  for  each  hole  to  be  pundied  by  hand.  Now  a  gerber  fU^  whidi  is  a  standard 
format  for  photoplotting  and  urad  by  most  CAD  systems,  is  easily  used  to  program  the 
CNC  Punch  Machine.  Given  Oat  die  translator  is  designed  to  read  any  gerber  file, 
formatted  in  absolute  mode  and  in  inches,  it  is  not  necessary  to  str^  out  the  gerber  control 
words,  from  die  gerber  file,  which  do  not  pertain  to  hole  punching.  The  Gerber  Format  to 
CNC  Punch  Translator  ahiqily  extracts  die  via  coottfraaies  from  the  gerber  file  and 
generates  an  X-Y  coordinate  file.  Thus,  a  gefiier  file  odiich  wu  created  to  photoplot  an 
MCM  design,  including  signal  traces  as  well  as  via  locations,  is  readily  naaUe  to  program 
the  CNC  Pun^  Machine. 
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